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
5HVLGXDO VWUHVVHV DQG VWUDLQV DUH SUHYDOHQW LQ PDQ\ FRPSRQHQWV HVSHFLDOO\ WKRVH WKDW DUH PDGH XVLQJ DGGLWLYH OD\HU
PDQXIDFWXULQJ7KHUHVLGXDO VWUDLQVDUHVXSHUSRVHGRQWRDQ\DSSOLHG ORDGZKLFKLQH[SHULPHQWDODQDO\VLVPD\ OHDG WR
LQDFFXUDWHUHVXOWV7KHPDQXIDFWXUHRIDFRPSRQHQWZLWKNQRZQUHVLGXDOVWUDLQVLQDOOEXLOGRULHQWDWLRQVZLOOHQDEOHLWWR
EHWHVWHGLQLWVJUHHQVWDWHZLWKUHVXOWVVLPLODUWRDQDQQHDOHGFRXQWHUSDUW7KLVVWXG\KDVEHHQFRQGXFWHGWRH[SORUHWKH
UHODWLRQVKLSEHWZHHQWKHRULHQWDWLRQEXLOGRIWKHFRPSRQHQWDQGLWVWKLFNQHVVLQUHODWLRQWRWKHDPRXQWRIUHVLGXDOVWUDLQ
LWFRQWDLQV7KHVDPSOHVWHVWHGDUHPDGHXVLQJ2EMHW9HUR&OHDUDQGKDYHDQLQFUHPHQWDOWKLFNQHVVLQRUGHUWRGHWHUPLQH
WKHUHODWLRQVKLSEHWZHHQVSHFLPHQWKLFNQHVVDQGUHVLGXDOVWUDLQ7KHWHVWPHWKRGXVHGLVSKRWRHODVWLFLW\LQZKLFKWKUHH
DQDO\WLFDOPHWKRGVDUHLPSOHPHQWHG±7DUG\FRPSHQVDWLRQ1XOOEDODQFHFRPSHQVDWLRQDQGVWHSSKDVHVWHSSLQJ,WZDV
HVWDEOLVKHGWKDWRQHRIWKHEXLOGRULHQWDWLRQVSRVVHVVHVQRUHVLGXDOVWUDLQVDQGWKHSKDVHVWHSSLQJWHFKQLTXHSURGXFHVWKH
PRVWDFFXUDWHUHVXOWV7KLVFRPSDUDWLYHDQDO\VLVZLOODLGWKHGHYHORSPHQWRIDVLPSOLVWLFPHWKRGIRUPDQXIDFWXULQJDQG
WHVWLQJ FRPSRQHQWV ZLWK PLQLPDO UHVLGXDO VWUDLQV YLD DGGLWLYH OD\HU PDQXIDFWXULQJ (OLPLQDWLQJ WKH QHHG IRU SRVW
SURFHVVLQJZLOOWKHUHIRUHHQDEOHWLPHDQGFRVWVDYLQJV

.H\ZRUGV$GGLWLYH/D\HU0DQXIDFWXULQJ%XLOG6SHFLILFDWLRQV3KRWRHODVWLFLW\5HVLGXDO6WUDLQV

1RPHQFODWXUH

Iı VWUHVVRSWLFFRHIILFLHQWLQ OLJKWLQWHQVLW\1 IULQJHRUGHU
W WKURXJKWKLFNQHVVRIVSHFLPHQPP
Į UHODWLYHUHWDUGDWLRQ
ș LVRFOLQLFDQJOH
ı SULQFLSDOVWUHVV03D
;<=JOREDOD[HVRIFRRUGLQDWHV

,QWURGXFWLRQ

$GGLWLYHOD\HUPDQXIDFWXULQJLVDWHFKQLTXHWKDWFRQVLVWVRIEXLOGLQJDFRPSRQHQWLQOD\HUV,WLVYHU\XVHIXOLQLQGXVWU\
DVLWDOORZVIRUWKHPDQXIDFWXUHRILQWULFDWHFRPSRQHQWVLQDUDSLGPDQQHUDQGUHGXFHVWKHZDVWHPDWHULDO%HFDXVHRILWV
KLJKOHYHOVRISUHFLVLRQLWLVDOVRXVHGWRPDNHODWWLFHVDQGPHVKHVIRUORZGHQVLW\FRPSRQHQWV ,QDGGLWLRQWRWKLVWKH
VDPH FRPSRQHQW FDQ EH UHSOLFDWHG ZLWK OLWWOH HIIRUW DV IRU VRPH DGGLWLYH PDQXIDFWXULQJ SURFHVVHV WKH SURGXFWLRQ
PDFKLQHLVRQO\UHTXLUHGWRUHDGD&RPSXWHU$LGHG'HVLJQ&$'ILOHVRODUJHUEDWFKHVRIWKHVDPHFRPSRQHQWFDQEH
HDVLO\PDQXIDFWXUHGWRDKLJKOHYHORIDFFXUDF\DQGVLPLODULW\

7KHUHDUHPDQ\GLIIHUHQWW\SHVRIDGGLWLYHPDQXIDFWXULQJWHFKQLTXHV GHSHQGLQJRQWKHPDWHULDOVXVHGDQGWKHIRUPLQ
ZKLFKWKHUDZPDWHULDOVDUH6RPHRIWKHSURFHVVHVWKDWUHTXLUHDSRZGHUHGUDZPDWHULDOIRUPDQXIDFWXULQJFRPSRQHQWV
DUH ODVHU VLQWHULQJ ± IRU WKHUPRSODVWLFV DQG HODVWRPHUV ODVHU PHOWLQJ ± IRU DOOR\V DQG HOHFWURQ EHDP PHOWLQJ ±
VSHFLILFDOO\IRUQRQIHUURXVDOOR\V>@)RUPDWHULDOGHSRVLWLRQSURFHVVHVZLUHH[WUXVLRQDQGEORZQSRZGHUSURFHVVHVDUH
XWLOLVHG+RZHYHUWKHPRVWFRPPRQSURFHVVLV'SULQWLQJZKLFKLVZLGHO\DFFHVVLEOHDQGUHODWLYHO\VLPSOHWRXVHDV
WKHGHVLJQHGFRPSRQHQWSURYLGHVWKHEXLOGLQIRUPDWLRQYLDD&$'ILOH'SULQWLQJLVDTXLFNDQGHIIHFWLYHPHWKRGRI
FUHDWLQJFRPSOH[FRPSRQHQWVZLWKSUHFLVLRQKHQFHLWVXVHLQWKLVVWXG\7KH'SULQWLQJSURFHVVLVVXLWDEOHIRUFUHDWLQJ
SURWRW\SHV IRU WHVWLQJXVLQJSKRWRHODVWLF WHFKQLTXHVDV VRPHSODVWLFVXVHG LQ WKHSULQWLQJSURFHVVSRVVHVVELUHIULQJHQW
FKDUDFWHULVWLFV ,W DOOHYLDWHV WKH VWUHQXRXV WDVN RI SURGXFLQJ LQWULFDWH PRXOGV DQG FDVWLQJ KHQFH DOORZLQJ IRU JUHDWHU
DFFXUDF\DQGHIILFLHQF\LQWKHSURGXFWLRQDQGWHVWLQJRIWKHVDPSOHV
&RQYHQWLRQDOO\ ZKHQ DGGLWLYH PDQXIDFWXULQJ LV XVHG WR FUHDWH FRPSRQHQWV WKHUH LV UHVLGXDO VWUDLQ FUHDWHG LQ WKH
GLUHFWLRQRIEXLOGGXHWRVKULQNDJHGXULQJFXULQJRIWKHPDWHULDODVVKRZQLQDVWXG\FRQGXFWHGE\4XLQWDQDHWDO>@
7KLV LV QRW D PDMRU GHWHUUHQW DV UHODWLYHO\ VLPSOH KHDW WUHDWPHQW PHWKRGV DOORZ IRU WKH DOOHYLDWLRQ RI WKHVH VWUHVVHV
+RZHYHUWKHKHDWWUHDWPHQWSURFHVVUHTXLUHVVSHFLILFDSSDUDWXVWKDWPD\EHLQDFFHVVLEOHWRWKHXVHU$GGLWLRQDOO\PRVW
WKHUPRSODVWLFVKDYHDGHJUHHRIVHQVLWLYLW\WRPRLVWXUHDEVRUSWLRQIURPWKHHQYLURQPHQWWKHUHIRUHWKHFKDUDFWHULVWLFVRI
WKH VDPSOH PD\ FKDQJH VOLJKWO\ DQG GHJUDGDWLRQ LQ PDWHULDO SURSHUWLHV FRXOG UHVXOW IURP H[FHVVLYH H[SRVXUH WR WKH
HQYLURQPHQW>@,WLVWKHUHIRUHPRUHWLPHHIILFLHQWDQGILQDQFLDOO\OXFUDWLYHWRDOORZIRUDSURFHGXUHWKDWZLOOHQDEOHWKH
WHVWLQJRIWKHFRPSRQHQWLQLWVJUHHQVWDWHLHGLUHFWO\DIWHUEXLOGZLWKRXWIXUWKHUSRVWSURFHVVLQJDQGWKHUHIRUHWKHDLPRI
WKLV VWXG\ LV WR SHUIRUP D TXDQWLWDWLYH SURFHGXUH WR GHWHUPLQH WKH VSHFLILF UHVLGXDO VWUDLQV ZLWKLQ D FRPSRQHQW WKDW LV
PDQXIDFWXUHGYLDDGGLWLYHPDQXIDFWXULQJDQGDQDQDO\VLVRQEXLOGRULHQWDWLRQLVFDUULHGRXWWRLQVSHFWWKHPRVWVXLWDEOH
RULHQWDWLRQRIEXLOGIRUPLQLPDOUHVLGXDOVWUHVVHV

0DWHULDOVDQG([SHULPHQWDO0HWKRGV

7KHPDWHULDOVHOHFWHGIRUWKLVVWXG\ZDV2EMHW9HUR&OHDUPDQXIDFWXUHGE\6WUDWDV\V,QF7KLVPDWHULDOLVWUDQVSDUHQWDQG
H[KLELWVELUHIULQJHQFHWKHUHIRUHLWLVLGHDOIRUSKRWRHODVWLFVWXGLHV7RLQLWLDOLVHWKHPDQXIDFWXULQJSURFHVVD&$'ILOHLV
FUHDWHGDQGORDGHGLQWRWKHSULQWHUV\VWHPDVDVWOILOHZKLFKZLOOGHWHUPLQHWKHJHRPHWU\RIWKHILQDOSURGXFW7KHEXLOG
OD\HU ZKLFK LV WKH WKLFNQHVV RI HDFK OD\HU WKDW LV XVHG WR FUHDWH WKH FRPSRQHQW LV WKHQ VHOHFWHG ZKLFK GLFWDWHV WKH
LQWULFDF\RIWKHSURGXFWKHQFHPDQXIDFWXUHGXUDWLRQ7KHPDQXIDFWXULQJSURFHVVLQYROYHVOD\HULQJKHDWHGPDWHULDORQWRD
SODWIRUP ZLWK WKLFNQHVVHV LQ WKH RUGHU RI PLFURQV 7KH KHDG RI WKH SULQWHU GHSRVLWV PDWHULDO DV LW PRYHV DORQJ WKH
SODWIRUPDQGRQFH LWKDVFRPSOHWHG WKH OD\HULW UHSHDWVWKHSURFHVV OD\HUE\ OD\HU WRHYHQWXDOO\FUHDWH WKH'PRGHO
GHVLJQHGLQWKH&$'ILOH

$VSHFLPHQZDVGHVLJQHGWRIXOILOWKHIROORZLQJREMHFWLYHV
 7RLQYHVWLJDWHWKHYDULDWLRQRIVWUDLQZLWKDQLQFUHDVHLQVSHFLPHQWKLFNQHVV
 7RH[DPLQHWKHHIIHFWWKDWEXLOGRULHQWDWLRQKDVRQUHVLGXDOVWUDLQZLWKSDUWLFXODULQWHUHVWLQREWDLQLQJDµVWUDLQ
IUHH¶RULHQWDWLRQIRUVLPSOLFLW\LQDQDO\VLV
 7RGHWHUPLQHWKHHIIHFWRIUHVLGXDOVWUDLQVH[SHULHQFHGLQWKHFRPSRQHQWZLWKUHVSHFWWRWKHEXLOGXSOD\HU
 7R PHDVXUH WKH VSHFLPHQ WKLFNQHVV DW ZKLFK WULD[LDO HIIHFWV DUH SUHVHQW ZKLFK FUHDWH GLVWRUWLRQV DQG LQKLELW
FODULW\RIUHVXOWV
7KH WHVW FRPSRQHQWV YLHZHG DV XVHIXO IRU WKH IXOILOPHQW RI DOO WKHVH REMHFWLYHV ZHUH VHWV RI VWDLUFDVH EORFNV ILJ 
ZKLFK KDYH LQFUHPHQWDO WKLFNQHVVHV DQG FRXOG LQFRUSRUDWH DOO WKH LQIRUPDWLRQ ZKLOVW SURYLGLQJ WKH VDPH EXLOG
HQYLURQPHQW WKHUHIRUH PLQLPLVLQJ FKDQJHV DQG DQRPDOLHV WKDW FDQ EH EURXJKW DERXW GXH WR GLIIHUHQFHV LQ EXLOG
FRQGLWLRQV7KH&$'ILOHFUHDWHGFRQWDLQHGWKUHHGLIIHUHQWVSHFLPHQVLQWKHWKUHHEXLOGRULHQWDWLRQVZKHUHWKHSRLQWRI
LQWHUHVWUHJDUGLQJWKHRULHQWDWLRQZDVWKHWKURXJKWKLFNQHVVRIWKHµVWHS¶'XHWRWKHULJLGLW\RIDVHWEXLOGXSOD\HULQWKH
SULQWHUSULRUWRPDQXIDFWXUHWZREDWFKHVRIWKHEORFNVZHUHPDGHFRQVHFXWLYHO\±RQHZLWKDEXLOGXSOD\HURIPDQG
WKHRWKHUZLWKP

)LJ&$'GUDZLQJVRIWKHPXWXDOO\SHUSHQGLFXODUVWDLUFDVHEORFNVZLWKDWKHEXLOGRULHQWDWLRQVVSHFLILHGE\
WKH JOREDO FRRUGLQDWHV [\ DQG ] DQG E WKH RUWKRJRQDO GUDZLQJV WR VKRZ EXLOG YDULDWLRQ ZLWK UHVSHFW WR WKH
RULHQWDWLRQV

7RJDLQDPHDVXUHRIWKHUHVLGXDOVWUDLQVSKRWRHODVWLFPHWKRGVZHUHLPSOHPHQWHGDVWKH\SURYLGHDTXLFNDQGHIIHFWLYH
YLVXDOLVDWLRQ RI WKH VWUDLQV H[SHULHQFHG ZLWKLQ WKH FRPSRQHQW $ FLUFXODU SRODULVFRSH ZDV XVHG DQG WKLV \LHOGV
LVRFKURPDWLFIULQJHV7KHVWUHVVRSWLFODZHTLVWKHQLPSOHPHQWHGWRREWDLQWKHSULQFLSDOVWUHVVGLIIHUHQFHߪଵ െ ߪଶሻߪଵ െ ߪଶ ൌ ே௙഑௧    
ZKHUH1 LV WKH LVRFKURPDWLF IULQJHRUGHU Iı WKHVWUHVVRSWLFFRHIILFLHQWDQG W WKH WKURXJKWKLFNQHVVRI WKHELUHIULQJHQWVSHFLPHQ >@6LQFH WKLV LVDQHODVWLF VLWXDWLRQWKHVWUDLQVFDQEH LQIHUUHG IURPWKHVWUHVVHV 7KH WKUHHPDLQDQDO\WLFDO
WHFKQLTXHV XVHG DUH 7DUG\ PHWKRG 1XOO %DODQFH &RPSHQVDWLRQ DQG 3KDVHVWHSSLQJ 7KHVH DUH LPSOHPHQWHG IRU
FRPSDUDWLYHVWXGLHVLQRUGHUWRYDOLGDWHUHVXOWVDQGGHWHUPLQHWKHPRVWHIIHFWLYHSKRWRHODVWLFPHWKRGRIWKHWKUHHIRUWKLV
SDUWLFXODUDSSOLFDWLRQ

7KH7DUG\PHWKRGLVWKHVLPSOHVWDSSURDFKDVLWRQO\UHTXLUHVWKHXVHRIWKHJUH\ILHOGVSHFWUXPRIWKHSRODULVFRSH7KH
DQDO\VHULVURWDWHGE\DNQRZQDQJOHDQGDVSHFLILFSRLQWRILQWHUHVWPRQLWRUHGWRYLHZWKHFKDQJHVLQIULQJHRUGHU±WKLV
HQDEOHVIUDFWLRQDOIULQJHVWREHGHWHUPLQHGDVWKHIULQJHPRYHVE\DNQRZQGLVWDQFHLQWKHVDPSOHDQGWKHURWDWLRQJLYHV
WKHDQJOHE\ZKLFKWKHFKDQJHKDVRFFXUUHG>@$VWKLVVWXG\LQYROYHGVDPSOHVZLWKPLQLPDOUHVLGXDOVWUHVVHVLWZDV
IRXQGWREHPRUHHIIHFWLYHWRVWXG\HDFKµVWDLU¶SDUWLWLRQDQGURWDWHWKHDQDO\VHUWRDSRLQWDWZKLFKWKHIULQJHDSSHDUV)RU
JUHDWHU VLPSOLFLW\ PRQRFKURPDWLF VRGLXP OLJKW ૃ QP ZDV XVHG LQ RUGHU IRU WKH VSHFLILF IXOO IULQJHV WR EH
GHWHUPLQHG

1XOOEDODQFHFRPSHQVDWLRQLVDTXDQWLWDWLYHPHWKRGRIREWDLQLQJSRLQWWRSRLQWIULQJHUHDGLQJVZLWKLQWKHSRODULVFRSH>@
XVLQJ D 1XOO %DODQFH &RPSHQVDWRUPDQXIDFWXUHG E\ WKH 9LVKD\ 0HDVXUHPHQWV *URXS7KLV LV DQ LQVWUXPHQW XVHG WR
HVWDEOLVK DFFXUDWH IULQJH UHDGLQJV E\ LQWURGXFLQJ D YDULDEOH ELUHIULQJHQFH ZLWK NQRZQ FDOLEUDWLRQ WKDW LV DGMXVWHG WR
FDQFHORXWWKHUHIUDFWLYHLQGH[RIWKHVSHFLPHQXQGHUREVHUYDWLRQ7KLVLVEHFDXVHWKHPDJQLWXGHRIELUHIULQJHQFHRIWKH
QXOOEDODQFHFRPSHQVDWRUDQGVSHFLPHQDUHHTXDOLQPDJQLWXGHEXWRSSRVLWHLQGLUHFWLRQUHVXOWLQJLQDQHWELUHIULQJHQFH
RI]HURLQGLFDWHGE\DEODFNIULQJH7KHDGMXVWPHQWLVFDUULHGRXWXVLQJDGLDOZKRVHWXUQLQJJLYHVDVSHFLILFFRXQWHU
UHDGLQJDQGXVLQJWKHFDOLEUDWLRQFKDUWWKDWDFFRPSDQLHVWKHFRPSHQVDWRUIULQJHRUGHULVHDVLO\REWDLQHGZLWKUHVSHFWWR
WKHFRXQWHUUHDGLQJ%HFDXVHWKHUHLVDOLQHDUUHODWLRQVKLSEHWZHHQWKHFRXQWHUUHDGLQJDQGIULQJHRUGHULWLVDOVRDVLPSOH
ZD\ RI REWDLQLQJ WKH IULQJH RUGHU KHQFH WKH VWUDLQV ZLWKLQ WKH FRPSRQHQW +RZHYHU WKH JUHDWHVW OLPLWDWLRQ RI WKLV
PHWKRGLVWKHWHGLRXVDQDO\VLVGXHWRDSRLQWWRSRLQWGDWDDFTXLVLWLRQDQGDWYHU\ORZIULQJHVWKHUHLVQRFOHDUGLVWLQFWLRQ
LQWKHGHWHUPLQDWLRQRIIULQJHRUGHU,WLVWKHUHIRUHLGHDOIRULQLWLDOFDOLEUDWLRQEXWDPRUHUREXVWDQDO\WLFDOWHFKQLTXHLV
UHTXLUHGWRGHILQHWKHKROLVWLFVWUDLQVWDWHRIWKHV\VWHP

3KDVHVWHSSLQJLVWKHPRVWDSSURSULDWHPHWKRGIRUVWXG\LQJWKHVSHFLPHQDVLWJLYHVDIXOOILHOGDXWRPDWHGDQDO\VLVE\
XVLQJ LPDJHV SUHVHQWHG E\ WKH URWDWLRQ RI ERWK WKH RXWSXW TXDUWHU ZDYH SODWH DQG DQDO\VHU ZKLFK YDULHV WKH OLJKW
LQWHQVLWLHVIURPWKHVSHFLPHQ,QWKLVPHWKRGWKHUHFDQEHXSWROLJKWLQWHQVLWLHVXVHGIRUDQDO\VLVPDNLQJLWDQRYHU
GHWHUPLQLVWLFSURFHVVKHQFH UHGXFLQJWKH WKUHVKROGRI HUURU ,Q WKLVSDUWLFXODU VWXG\ WKH LPSOHPHQWDWLRQRI WKHVWHS
SKDVHVWHSSLQJ SURFHVV GHYHORSHG E\ 3DWWHUVRQ -L DQG :DQJ >@ LV LPSOHPHQWHG ZLWK WKH RULHQWDWLRQV LQ WDEOH 
\LHOGLQJVLPXOWDQHRXVHTXDWLRQVWKDWSURYLGHGWKHIRUPXODHXVHGWRGHWHUPLQHWKHLVRFOLQLFDQJOHșDQGUHODWLYH
UHWDUGDWLRQĮIURPWKHGLIIHUHQWOLJKWLQWHQVLWLHVLQ5HODWLYHUHWDUGDWLRQLVUHODWHGWRIULQJHRUGHUXVLQJHT
7DEOH2ULHQWDWLRQVIRUWKHRXWSXWHOHPHQWVLQWKHLPSOHPHQWDWLRQRIWKHVWHSSKDVHVWHSSLQJWHFKQLTXHGHYHORSHGE\
3DWWHUVRQ-LDQG:DQJZLWKWKHHTXDWLRQV\LHOGLQJWKHLVRFOLQLFDQJOHUHWDUGDWLRQDQGIULQJHRUGHU>@
,QWHQVLW\ 2XWSXWߣ Ͷൗ SODWHRULHQWDWLRQ $QDO\VHURULHQWDWLRQ
L  ߨ ͶΤ 
L  െߨ ͶΤ 
L  
L ߨ ͶΤ  ߨ ͶΤ 
L ߨ ʹΤ  ߨ ʹΤ 
L ͵ߨ ͶΤ  ͵ߨ ͶΤ 

ߠ ൌ ଵଶ ݐܽ݊ିଵ ቀ௜ఱି௜య௜రି௜లቁߙ ൌ ଵଶ ݐܽ݊ିଵ ቀ ௜రି௜లሺ௜భି௜మሻ௖௢௦ଶఏቁ
Į ʌ1   


7KUHHEXLOGRULHQWDWLRQVDUHEHLQJLQYHVWLJDWHGILJWKHUHIRUHWKHVWDLUFDVHEORFNVDUHREVHUYHGLQWKHSODQDQGVLGH
YLHZVILJV7KLVDOORZVWKHVWUHVVGLIIHUHQFHVDVVKRZQLQWDEOHWREHFDOFXODWHG

7DEOH1RPHQFODWXUHRIEORFNVIRUDQDO\VLVUHODWHGWRRULHQWDWLRQDQGEXLOGOD\XSDVVKRZQLQILJ
%/2&.180%(5 '(),1,7,21
 ȝPEXLOGXSOD\HUIRUEORFNߪ௫ െ ߪ௬
 ȝPEXLOGXSOD\HUIRUEORFNߪ௫ െ ߪ௭ ȝPEXLOGXSOD\HUIRUEORFNߪ௬ െ ߪ௭
 ȝPEXLOGXSOD\HUIRUEORFNߪ௫ െ ߪ௬
 ȝPEXLOGXSOD\HUIRUEORFNߪ௫ െ ߪ௭ ȝPEXLOGXSOD\HUIRUEORFNߪ௬ െ ߪ௭

)LJ7KHVWDLUFDVHEORFNVLQWKHLURULHQWDWLRQRIPDQXIDFWXUHLQUHODWLRQWRILJD6WDLUFDVHEORFNVLQWKHLU
EXLOGRULHQWDWLRQDQGEGLPHQVLRQVRIWKHVWDLUFDVHEORFNVPP

6L[EORFNVZHUHPDQXIDFWXUHGWKUHHEORFNVRIHDFKEXLOGOD\HUHDFKEXLOWLQDVSHFLILFRULHQWDWLRQDVVKRZQLQILJV
DQGZLWKGLPHQVLRQVVKRZQLQILJE 
5HVXOWV

$QLQLWLDOYLVXDOLQVSHFWLRQZDVFDUULHGRXWLQWKHFLUFXODUSRODULVFRSHLQGDUNILHOGFRQILJXUDWLRQDVVKRZQLQILJ,Q
RUGHUWRSUHVHQWDFOHDUFRQWUDVWLQWKHUHVXOWLQJIULQJHRUGHUVDQGDOORZIRUWKHVDPHFRQGLWLRQVWKURXJKRXWWKHDQDO\WLFDO
SURFHVVWKHVWDLUFDVHEORFNVZHUHVHSDUDWHGLQWRWKHLUEXLOGXSOD\HUFDWHJRULHVDQGVWDFNHGRQWRSRIHDFKRWKHUZLWK
WKHWKLQQHVWWKURXJKWKLFNQHVVDWWKHIDUWKHVWOHIWLQERWKVHWXSV

)LJ'DUNILHOGIULQJHLQIRUPDWLRQRIWKHVWDLUFDVHEORFNVIRUWKHEXLOGXSOD\HUVPOHIWDQGPULJKW
7KHEORFNVDUHVWDFNHGRQWRSRIHDFKRWKHULQWKHRUGHUEORFNWRSEORFNFHQWUHDQGEORFNERWWRP DQG
YLHZHGLQWKH=GLUHFWLRQ±IURPWKHGHILQLWLRQVLQILJ

)URP YLVXDO LQVSHFWLRQ LW LV VHHQ WKDW WKHUH LV DQ LQFUHDVH LQ IULQJH RUGHU DV WKH WKURXJKWKLFNQHVV RI WKH VSHFLPHQ
LQFUHDVHV 7KLV LV PRVWO\ HYLGHQW LQ EORFNV  DQG  ZKLFK GLVSOD\ VLJQLILFDQW IULQJH RUGHUV7KHUHIRUH DQ LQFUHDVH LQ
WUDQVPLVVLRQ OHQJWK JLYHV D KLJKHU IULQJH RUGHU EHFDXVH WKH OLJKW KDV D IXUWKHU WUDYHOOLQJ GLVWDQFH DQG WKHUHIRUH
UHWDUGDWLRQ  KHQFH WKH GLIIHUHQFH LQ UHIUDFWLRQ LV JUHDWHU ZKHQ ZH FRQVLGHU WKDW WKH GLIIHUHQFH LQ SULQFLSOH VWUHVVHV
UHPDLQVFRQVWDQWHT

,WLVDOVRHYLGHQWWKDWWKHEXLOGRULHQWDWLRQLVKLJKO\VLJQLILFDQWLIUHVLGXDOVWUDLQVDUHWREHDOOHYLDWHG$VVKRZQLQILJ
WKHEORFNV EXLOW LQ WKH]GLUHFWLRQKDYHQHJOLJLEOH UHVLGXDOVWUDLQZKHQ WKH WKURXJKWKLFNQHVV LVYLHZHG± WKH\GLVSOD\
GDUNIULQJHVWKURXJKRXWDOOWKHWKLFNQHVVHV7KLVDOORZVIRUWKHWHVWLQJRIDFRPSRQHQWLQLWVJUHHQVWDWH±GHSHQGLQJRQ
WKH WKLFNQHVV+RZHYHUDV WKH WKLFNQHVV LQFUHDVHV WKHEODFN IULQJHVDSSHDU WREHVOLJKWO\ OLJKWHUZKLFKVLJQLILHV WKDW
WKHUHLVVRPHUHVLGXDOVWUDLQLQWKHFRPSRQHQWDWDWKLFNQHVVDERYHWKHRSWLPDOWKLFNQHVV$VWKLFNQHVVLQFUHDVHVWKHUH
WHQGV WR EH D VOLJKW FKDQJH LQ UHVLGXDO VWUDLQ DOWKRXJK QRW DV VLJQLILFDQW DV LQ WKH RWKHU EXLOG GLUHFWLRQV 8VLQJ WKLV
PHWKRGLWLVPRUHHYLGHQWWRGLVFHUQWKHFKDQJHVLQIULQJHRUGHUKHQFHVHOHFWDVXLWDEOHUDQJHRIWKLFNQHVVHVLQWKLVFDVH
EHORZPP

,WLVDOVRVHHQLQILJWKDWWKHUHLVDVLPLODULW\EHWZHHQWKH;DQG<EXLOGRULHQWDWLRQVZLWKWKHYDULDWLRQLQFUHDVLQJZLWK
D FKDQJH LQ WKURXJKWKLFNQHVV 7KLV FRXOG EH XVHIXO ZKHQ FRQVWUXFWLQJ FRPSRQHQWV ZKRVH ORDGLQJ LQIRUPDWLRQ LV
UHTXLUHGLQWZRGLUHFWLRQV$VLGHQWLILHGLQ ILJWKHUHVLGXDOVWUHVVIURPDVLGHSURILOHFKDQJHVVLJQLILFDQWO\VKRZLQJ
EORFNVDQGEXLOWLQRULHQWDWLRQV[DQG\ILJQRZSRVVHVVYLUWXDOO\QRUHVLGXDOVWUDLQV7KHVWDFNLQJDUUDQJHPHQWLV
VWLOO WKHVDPHDV LQ ILJVDQGZLWK WKHH[FHSWLRQRIEORFN FHQWUDOEORFNEHLQJ LQYHUWHG IRU EDODQFLQJSXUSRVHV
+RZHYHUWKHUHVXOWVVWLOOKDUPRQL]HZLWKEORFN

)LJ'DUNILHOGIULQJHLQIRUPDWLRQRIWKHVLGHSURILOHRIWKHVWDLUFDVHEORFNVIRUWKHEXLOGXSOD\HUVPOHIW
DQGPULJKW,QWKLVFDVHWKHEORFNVDUHEHLQJYLHZHGLQWKH;<SODQHZKLFK\LHOGVUHVLGXDOVWUDLQLQEORFN
DVWKHVWDLUFDVHEXLOGOD\HUVDUHVWDFNHGLQWKLVSODQHFDXVLQJWKHVKULQNDJHRIWKHEORFNWREHPRVWSURPLQHQW

,WKDVDOVREHHQHVWDEOLVKHGWKDWWKHILQHUWKHEXLOGXSOD\HUWKHJUHDWHUWKHUHVLGXDOVWUDLQVH[SHULHQFHGLQWKHFRPSRQHQW
5HIHUULQJWRILJVDQGWKHEORFNVZLWKDEXLOGXSOD\HURIPOHIWKDGWKHJUHDWHUSRVVHVVLRQRIUHVLGXDOVWUDLQVLQ
FRPSDULVRQWRWKRVHZLWKWKHEXLOGXSOD\HURIP7RFRQILUPWKLVQXOOEDODQFHFRPSHQVDWLRQZDVLPSOHPHQWHGWR
GHWHUPLQHWKHVSHFLILFYDULDWLRQVKRZQLQILJ:KHQDVPDOOHUEXLOGXSOD\HULVLPSOHPHQWHGFORVHGV\PEROVWKHUH
DUH PRUH SDUWLWLRQV LQ WKH FRPSRQHQW WKDW XQGHUJR FXULQJ DQG WKHUHIRUH WKHUH LV JUHDWHU VKULQNDJH LQ WKH FRPSRQHQW
OHDGLQJWRJUHDWHUUHVLGXDOVWUDLQV
)LJ1XPHULFDOUHVXOWVRIWKH1XOO%DODQFH&RPSHQVDWLRQIRUWKHWHVWVSHFLPHQDVODEHOOHGLQWDEOHVKRZLQJ
HYLGHQWO\WKDWEXLOGRULHQWDWLRQLVLGHDODVLWFRQWDLQVPLQLPDOUHVLGXDOVWUHVVHVZKHQYLHZHGLQWKH=GLUHFWLRQ

%HFDXVH LWKDVEHHQHVWDEOLVKHG WKDW WKHEORFNV ZLWK WKHPEXLOGXS OD\HUSRVVHVVHGJUHDWHUUHVLGXDO VWUDLQV WKRVH
ZLWKWKHPEXLOGXSOD\HUZHUHDQDO\VHGWRFRPSOHWHDFRPSDUDWLYHDQDO\VLVEHWZHHQ WKHWKUHHQDPHGSKRWRHODVWLF
PHWKRGVWKDWWHVWVIRUWKHLUSHUIRUPDQFHDWORZVWUDLQV7KHUHVXOWV\LHOGHGZKHQDOOPHWKRGVDUHFRPSDUHGQXPHULFDOO\
LQGLFDWHWKDWDWYHU\VPDOOVSHFLPHQWKURXJKWKLFNQHVVHVWKHUHH[LVWVDZLGHPDUJLQHUURUEHWZHHQDOOWKUHHSKRWRHODVWLF
WHFKQLTXHVDVUHSUHVHQWHGJUDSKLFDOO\LQILJ7KLVUHVXOWLQJPDUJLQLVHVSHFLDOO\WUXHIRUWKH7DUG\PHWKRGZKLFKDV
LQGLFDWHGKDVWKHJUHDWHVWYDULDWLRQIURPDOOWKHRWKHUPHWKRGV$OVRWKHSKDVHVWHSSHGYDOXHVRIWKHVHFRQGµVWDLU¶LQ
ERWKVDPSOHVDQGKDYHDQDQRPDORXVUHVXOWZKLFKZLOOEHLQYHVWLJDWHGIXUWKHU,IWKHVHWZRSRLQWVDUHGLVFRXQWHG
WKHUHVXOWLQJSORWVUHODWLQJWKURXJKWKLFNQHVVWRQRUPDOLVHGIULQJHRUGHULVFRQVLVWHQWZLWKWKHQXOOEDODQFHUHVXOWV7KH
UHDVRQIRUWKLVLVWKDWRQFHWKHWKLFNQHVVKDVEHHQQRUPDOLVHGWKHUHVKRXOGEHFRQVLVWHQF\LQWKHIULQJHRUGHUWKURXJKRXW
WKHVSHFLPHQ+RZHYHUDWWKLFNQHVVHVDERYHPPWKHUHVLGXDOVWUDLQKDVJUHDWHUFRQVLVWHQF\WKURXJKDOOWKHPHWKRGV
DQGWKHUHIRUHIURPWKLVDQDO\VLVLW LV VXJJHVWHGLIXWLOLVLQJWKH7DUG\PHWKRGZLWKDQ\RIWKHRWKHUVIRUFRPSDUDWLYH
DQDO\VLVWKHVSHFLPHQWKLFNQHVVVKRXOGEHQROHVVWKDQPPLIUHVLGXDOVWUDLQVDUHWREHTXDQWLILHGUDWKHUWKDQDQQHDOHG
ZKLOVWYLHZLQJVSHFLPHQLQDOOWKUHHGLPHQVLRQV

1HYHUWKHOHVVDVVKRZQLQILJDWKHSKDVHVWHSSLQJUHVXOWLQGLFDWHVWKDWLIDQRULHQWDWLRQVXFKDVWKDWZKLFKZDVXVHGWR
PDQXIDFWXUH EORFN  LV EHLQJ XVHG WR FUHDWH D FRPSRQHQW DQG RQH GLUHFWLRQ RI YLHZ LV WKH VROH LQWHUHVW LW LV PRUH
DGYDQWDJHRXV WR ZRUN ZLWK WKURXJKWKLFNQHVVHV EHORZ PP )URP YLVXDO LQVSHFWLRQ YLD 7DUG\ 0HWKRG DQG 1XOO
%DODQFH&RPSHQVDWLRQWKHRULHQWDWLRQ\LHOGV]HURUHVLGXDOVWUDLQ+RZHYHUZKHQSKDVHVWHSSLQJLVLPSOHPHQWHGLW LV
VHHQWKDWUHVLGXDOVWUDLQVDUHSUHVHQW±DOWKRXJKWKHQRUPDOLVHGIULQJHRUGHULVDSSUR[LPDWHO\IULQJHPPIRUDUDQJH
RI WKURXJKWKLFNQHVVHV EXW LW FKDQJHV JUHDWO\ DW D WKLFNQHVV DERYH PP7KLV LV DSRVVLEOH LQGLFDWLRQ WKDW WKHUH DUH
WULD[LDOHIIHFWVFDXVLQJGLVWRUWLRQLIWKHFRPSRQHQWSURGXFHGKDVDWKURXJKWKLFNQHVVDERYHPP

)LJ  1XPHULFDO UHVXOWV FRPSDULQJ WKH WKUHH DQDO\WLFDO PHWKRGV IRU WKH P VWDLUFDVH EORFNV D  ZKLFK
DOORZVWKHLGHQWLILFDWLRQRIORZYDOXHVRI1EDQGFZKLFKGLVSOD\VLPLODUUHVXOWVLQGLFDWLQJWKDWWKHUH
DUHUHODWLYHO\XQLIRUPUHVLGXDOVWUDLQVWKURXJKWKHWKLFNQHVVHVSHFLDOO\DWWKURXJKWKLFNQHVVHVDERYHPPZKHQ
DOOPHWKRGVDUHXWLOLVHG

&RQFOXVLRQ

,QWKLVDSSOLFDWLRQLWKDVEHHQHVWDEOLVKHGWKDWLWLVSRVVLEOHWRWHVWDPDWHULDOLQLWVJUHHQVWDWHDIWHU'SULQWLQJDV LIWKH
FRPSRQHQW LV EXLOW LQ D VSHFLILF RULHQWDWLRQ LQ WKLV FDVH = GLUHFWLRQ ZKHQ DQDO\VHG IRU UHVLGXDO VWUHVVHV WKH\ DUH
QHJOLJLEOH 7KLV LPSOLHV WKDW ORDGV FDQ EH DSSOLHG LQ WKDW GLUHFWLRQ WR WKH PDWHULDO DQG WKH UHVLGXDO VWUHVVHV ZLOO QRW
VXSHUSRVHDQ\LQIRUPDWLRQRQWRWKHUHVXOWV+RZHYHULWZDVDOVRUHFRJQLVHGWKDWWKLVLVWUXHIRUDQDUURZWKLFNQHVVUDQJH
EHWZHHQPPDQGPPDQG IRUD WKRURXJKDQDO\VLV LW LVEHVW WRDSSO\DGLJLWDOSKRWRHODVWLFLW\ WHFKQLTXH VXFKDV
SKDVHVWHSSLQJDVLWDOORZVIRUJUHDWHUDFFXUDF\DVWKHUHLVQRHOHPHQWRIKXPDQMXGJHPHQWLQWKHGHWHUPLQDWLRQRIWKH
UHVLGXDOVWUDLQVH[SHULHQFHGLQFRPSRQHQWVEXLOWYLD'SULQWLQJ

5HIHUHQFHV

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